Background: Soil salinity is a critical environmental problem in many countries around the world especially the arid and semi-arid countries like South Africa. The problem has great impact on soil fertility which in turns has a great effect on soil productivity. This paper addresses the use of remote sensing and GIS in the assessment of salinity using Landsat enhanced thematic mapper plus (ETM+) data of the Vaal-Harts irrigation scheme acquired with other field data sets and a topographical map to show the spectral classes and salt-affected areas for the years under assessment (1991 to 2005). Results: The results of the study indicated that salinity problem exists and may get worse. The supervised classification maps show that most of the salinity problems are located along the entire scheme. The Normalized Difference Vegetation Index (NDVI) tends to be higher along the irrigation canals. A plot of NDVI values and temperature trend give a correlation of 67% this is an indication that temperature is a major factor in the build up of salinity in the study area. The low salinity class increased by 4, 8618 km
Background
The problem of salinity has great impact on soil fertility which in turns has a great effect on soil productivity. According to a survey by the Department of Agriculture in 1990, it was discovered that out of 128, 000 ha of cultivated land, 54, 000 ha is seriously alkaline, waterlogged and moderately saline (Du 1991 ). An estimated 18% of the area under regular irrigation appears to be affected by water logging and salinization in the Vaal Harts irrigation scheme. In the 1960s, a number of soil profiles from all over the Scheme, contained more salts in the subsurface than measured during the initial soil survey, indicating a disturbing tendency, although not alarming at that stage. Within 35 years of the scheme's existence, the fine sandy soils of this scheme were severely salinised. Reclamation of some 30 000 ha saline or saline-sodic soils (depth 0.3 m) was reported at VHS. Salt-affected soils at VHS resulted in 1.4 -2.1 million South African Rand gross income loss for the irrigation scheme farmers in 1975 (Du 1991) . The installation of 218 drainage systems totaling 500 km of subsurface lateral drains at a cost of 2 million Rand were undertaken between 1975 and 1977. In the 1980s, a further 2 million Rand was invested to install sub-surface drains on farms and to link these drains to the partially developed system of open storm water drains, in an attempt to lower the water table and to leach salts. Since 2009, the service of a consultant was engaged to assess the scheme at an additional cost of about 5 million Rand (Ojo et al. 2009 (Ojo et al. , 2011 . Salinity problems are often measured by means of soil surveys, questionnaires and laboratory analyses. These traditional data collection methods analyses are neither enough for the assessment of this important environmental issue. Satellite image data are used to overcome most of these limitations with a need to better find the calibration between the data and real field situations. The spread of modeling techniques using distributed parameters has largely encouraged the use of input data from remote sensing with the support of GIS for manipulating large data sets. In the interim report submitted to the Institute for Applied Systems analysis, Brogaard and Prieler (1998) Latifovic et al (2005) analysed the land cover change of the Oil Sands Mining Development in Athabasca, Canada using information extraction method applied to two Landsat scenes. The objective of this study was to assess the salinity problem in Vaal Harts irrigation scheme using multi-temporal satellite data.
Methods

Study area
The study area is the Vaal harts irrigation scheme (VHIS). It is in the east of Fhaap Plateau on the Northern Cape and North West province border in South Africa. VHIS covers about 36 950 hectare irrigated lands. VHIS is located in a summer rainfall area. This area battles with low, seasonal and irregular rainfall. The average rainfall is 442 mm per year (Jager, 1994) . The average precipitation in the summer months, October to February differs between 9.1 and 9.6 mm/day while in July precipitation is only 3.6 mm/day. The VHIS main canal, northern canal and western canal are being used to convey water to the scheme for the use of farmers. The scheme has about 680 farmers with water being abstracted from the Vaal River at the Vaal Harts weir about 8 km upstream of Warrenton. The capacity of the canals in Vaal Harts is 4 mm/day. The water quota for the North and West canal is 9 140 m 3 per ha/annum. The total water use charge is 8.77 cents per cubic meter of water which consists of a charge of 8.24 cents for irrigation water use, a catchment management charge of 0.5 cents per cubic meter and a water research charge of 0.03 cents per cubic meter of water.
The common crops grown in the area are wheat/barley, maize, groundnuts, cotton and other permanent crops like Lucerne, Pecan nuts, grapes, olives and some other fruits (Grove, 2006) . Figure 1 shows the map of study area within South Africa.
Data collection, processing and analysis
For the study, Landsat (TM and ETM+) images data of VHS with Latitude E 24.7178°-27 2612º S and Longtitude S 25. 2765°-28.0180°E (path 172, row 079) acquired for 1991\03\04, 2001\05\26 and 2005\03\02; representing 15 years (details of Landsat time-series data used in the study are as shown in Table 1 ). The data were obtained from the Global Land Cover Facility (GLCF) an Earth Science Data Interface hosted by the University of Maryland, USA and was used to consider variation in salinity as well as in vegetation cover. Some discrepancies of mismatch were found when overlaid on the Geo-referenced image. Topographic maps (as in Figure 2 ) of Vaal Harts (VHS) with a scale of 1:150,000 was obtained from the Department of Water Affairs and were used to correct the layers. Other information about the scheme water quality, soil types (as shown in Figure 3 ) & quality, agricultural practices, crop yield, the scheme facilities and other necessary ground truth data of VHS were obtained through baseline survey and structured questionnaires administered among the farmers and were subsequently used Contrast, brightness enhancements and true colour composite of the images were performed on the images using band 3, 4 and 5 for each scene. Mosaicing of the composite images was done in Erdas Imagine software to achieve a whole image (of four scenes) of the study area as shown in Figure 8 . The image was clipped in ArcGIS software to extract the study area from the mosaic image as shown in Figure 9 . It was ensured that co-registration of the images were within 0.5 pixels and 30 m resolution and root mean square errors (RMSE) of all the images were less than 0.5 pixels. The following indices; Salinity Index (SI), Normalised Salinity Differential Index (NSDI) and Normalised Differential Vegetative Index (NDVI) proposed by Tripathi et al. (1997) , were applied to give better results in the re-classification of saltaffected lands. SI is the ratio of red band to near infrared (NIR) band while NSDI is the ratio of the difference in the red band to NIR divided by the summation of the two. This concept emerged from the Red Edge concept for vegetation vigour mapping. In red edge concept, the spectral reflectance of NIR is radioed with red band, which gives very high values for vegetation than other features on Earth. The SI, NDSI and NDVI indices described in equations 1, 2 and 3 were used for salinity classification and quantification is computed as follows: To delineate and ground truth the data, a Garmin handheld GPS Receiver of 2 m accuracy was used to obtain geographical coordinate of water logged and salt affected area. The geographical coordinates were transformed to the Hartebeesthoek94 Datum and converted to ground coordinates. Supervised classifications were performed after extracting spectral signatures and training data sets were created.
Results and discussion
The Digital Elevation Model (DEM) and 3D views were developed during the GIS analysis as shown in Figures 10 and 11 in order to have a contour of the VHS and thus the location of the waterlogged lands which directly influence land use and salinity development. The NDVI maps are as shown in Figures 12a and b. The results of the vegetation index (NDVI) indicated rather scarce vegetation as a whole in the highly saline soils. Minimum to lower threshold represented a negative change in NDVI, lower to upper threshold represented no change in NDVI, upper threshold to maximum value represented positive change in NDVI. Figure 13 shows average yearly temperature in the study area (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) . For temperature patterns, January was discovered to be the warmest month with maximum and minimum temperatures of 32.7°C and 17.4°C. July is the coldest month with minimum day temperature to be 2.4°C. Common to VHS is the significant difference between the maximum and minimum temperatures as the seasons change. These results confirmed the finding of Arvind and Nathawat (2006) that land use and land cover pattern are generally influenced by agro climatic variables like temperature, ground water potential and a host of other factors. A plot of NDVI values (from Figures 12a, b and c) and temperature trend from Figure 13 give a correlation of 67% showing the effect of temperature on the rate of vegetation/salinity level in the area as shown in Figure 14 . This is an indication that temperature is a major factor in the build up of salinity in the study area. Figure 15 also shows the flood line used to determine the electrical conductivity (ECe) in the field. Electrical conductivity is an indicator of salinity.
Imputing NDVI, ECe and Temperature data together and further processing using IDRISI software as illustrated in Figure 16 , the overall assessment occurrence pattern of salt-affected soils is derived through supervised classification method. The classification later was grouped into salinity classes of low, medium and high as shown in Figures 17 and 18 , while medium and high salinity classes decreased by 4,296.4 km 2 and 485.4 km 2 respectively. This decrease is a result of continuous control measures in place which mainly focus on the high salinity area in the scheme. In overall, there is an increase in the salinity trend over the years and it is still on the increase.
The supervised classification made use of 15 training sites per habitat identified on the image. As a rule there should be an adequate sample of pixels for each cover type for statistical characterization. A general rule of thumb is that the number of pixels in each training set (i.e., all the training sites for a single cover class) should not be less than ten times the number of bands. Hence, the use of three bands in the classification processes with 45 training sites in each cover type, each has fifteen classes.
The band 3 (red band) provides the best separation for vegetation, while band 4 (near infrared band) provide the best separation for the area with salt, while water is distinct in all the bands. Band 4 provided a better separation of the area occupied by salt than band 5 (middle infrared band). Bands 4 performed better when it comes to the spectral separation of areas dominated by salt but band 3 was extremely excellent in the vegetation discrimination. The spectral signatures also aided in the classification processes of salinity, community/built-up, vegetation and water swamp areas.
